incorporated CoCrPt thin films ͑20 nm͒ have been fabricated on the Ru underlayer to study the role of different oxides on magnetic isolation of CoCrPt grains. Unlike the SiO 2 incorporated case, the MgO and Al 2 O 3 incorporated specimens do not show higher coercivity and squareness. Microstructural analysis of MgO and Al 2 O 3 cases shows quite different morphology than that of SiO 2 . MgO and Al 2 O 3 are segregated within the grains as well as grain boundaries in a patch form. The differences in magnetic properties are speculated in terms of different kinetics for the different chemical species.
Effect of MgO and

I. INTRODUCTION
Fine and magnetically well-isolated grain of recording layer is one of the critical requirements for the high density perpendicular recording media. 1 Though Cr is known to be segregated mainly at the grain boundaries in CoCrPt media, high Cr concentration ͑for example, beyond 17 at. %͒ is needed to promote Cr segregation into the boundary. 2, 3 Moreover, as the Cr segregation is observed only in high angle boundaries, there are many chances to have low angle boundaries due to the hexagonal symmetry in Co alloys, which will induce magnetic clusters. In order to solve these problems, CoCrPt-SiO 2 and CoCrPtO recording layers were introduced. 4 
II. EXPERIMENT
Surface oxidized Si wafers were used as substrates. Ta ͑5 nm͒ and Ru ͑40 nm͒ were deposited at 3 and 10 mTorr, respectively, by dc magnetron sputtering method and the magnetic layers ͑20 nm͒ were deposited by 400 W radiofrequency ͑rf͒ sputtering method at high pressure ͑60 mTorr͒ without pre-heating. Base pressure was kept below 3 ϫ 10 −7 mTorr. The CoCrPt-Al 2 O 3 , CoCrPt-MgO, CoCrPtSiO 2 and CoCrPt magnetic layers of 20 nm were deposited on Ru underlayer. The above sputtering conditions were fixed to all specimens. The content of Al 2 O 3 , MgO and SiO 2 was controlled by the number of oxide chips mounted on CoCrPt alloy target. Optimum doping amount of each oxide was decided by the shape of hysteresis loops which show maximum coercivity and negative nucleation field.
The magnetic properties including perpendicular and inplane coercivities ͑H cЌ , H cʈ ͒, nucleation field ͑Hn͒, and ␣ ͑4⌸ ‫ץ‬ M / ‫ץ‬H at H c ͒ were measured by a vibrating sample magnetometer at a field sweep rate of 200 Oe/s at room temperature.
The crystalline orientation of the thin films was analyzed by the ⌬ 50 from x-ray diffraction. Transmission electron microscope ͑TEM͒ images were observed to verify the grain isolation. Both plane-view and cross-sectional TEM samples were prepared. X-ray photoelectron spectroscopy ͑XPS͒ analyses were performed to ascertain the oxide species and energy dispersive spectroscopy was used to analyze doping contents of each oxide. Figure 1 2 does not deteriorate the epitaxial growth. In order to understand these behaviors, TEM in-plane view of those layers has been examined and the micrographs are shown in Fig. 2 . In Fig. 2͑d͒ . CoCrPt grains in the CoCrPt layer are close packed in most parts and only some isolated voids are observed due to the high pressure sputtering.
III. RESULTS AND DISCUSSION
As shown in The heat of formation energies ͑⌬H°͒ as a measure of stability of the oxides appear in Table I However, these results do not explain the formation of the different oxide morphologies in these layers. The free surface energies of these oxides are not much different as shown in Table I . There are no available data for interface energy between these oxides and CoCrPt metal. The oxide formation during sputtering may be controlled not by thermal equilibrium but by kinetic process. If diffusion processes of Si, Al and Mg are different on CoCrPt surface, the different oxide morphology may occur as appeared in the present case. Further research is needed to understand these different behaviors.
IV. CONCLUSION
MgO, Al 2 O 3 , and SiO 2 incorporated CoCrPt media have been fabricated and their magnetic properties and microstructures were compared to understand the role of different oxide materials. The SiO 2 incorporated CoCrPt layer had higher coercivity and squareness than those of MgO and Al 2 O 3 cases. That would be attributed to the well-isolated CoCrPt grains. The different behaviors are thought to be associated with different kinetics of diffusion for the different oxide elements rather than thermodynamic energy. 
